ABSTRACT Necrotic enteritis, either in its clinical or sub-clinical form is known to cause massive economic losses in the broiler chicken industry. Currently, the use of in-feed antibiotics as growth promoters is discouraged. Therefore, mechanisms to control NE through diet include reduction of digesta viscosity, promotion of lower pH in the gastrointestinal tract (GIT) through acidification of feed, production of short-chain fatty acids and overall stimulation of beneficial bacteria growth. Intermittent lighting programs increase feed retention in the crop and reduce pH in the foregut compartments in comparison with standard commercial lighting programs and therefore may be a valuable, yet underexploited, barrier to prevent the invasion of the GIT by pathogens. In this experiment, a 2 × 2 factorial arrangement of treatments was employed in a randomized design to investigate whether intermittent lighting would increase broiler resilience to sub-clinical necrotic enteritis. A total of 390 Cobb 500 same-hatch, mixed sex, day-old chicks were assigned to 30 floor pens to test the effect of 2 factors, namely, lighting schedule (continuous, 18L:6D vs. intermittent, 1L:3D:1L:3D:1L:3D:1L:3D:2L:6D) and a subclinical necrotic enteritis challenge (challenge vs. no challenge). Challenged birds had lower feed intake and weight gain and poorer feed conversion ratio (FCR; P < 0.005). Intermittent lighting reduced feed intake (P < 0.05) without compromising final body weight gain. During the peak phase of Clostridium perfringens Type A infection, the negative impact of the disease challenge on feed efficiency was lower for animals under intermittent lighting than for those under a 18L:6D schedule (2-way interaction, P < 0.005). Thus, in flocks that are raised under antibiotic-free production systems, intermittent lighting programs applied at least during the critical period for necrotic enteritis risks, i.e., d 18-24, may be a practical, non-medicated way to increase resilience of broilers to this disease.
INTRODUCTION
Modern poultry production standards demand excellent feed efficiency, which is only attainable through healthy and functional intestinal tracts (Porter, 1998) . Among enteric bacterial infections threatening gastrointestinal tract (GIT) health and overall flock livability in broilers, necrotic enteritis (NE) in either its clinical or sub-clinical form is known to cause industry losses of approximately US$6 billion annually (Wade and Keyburn, 2015) . In broilers, NE is caused by sporeforming, anerobic, gram-positive Clostridium perfringens (CP) Type A. In a recent review of its pathogenicity, stress, coccidiosis, and presence of pathogenic C. perfringens strains were identified as predisposing said objectives of prevention-and even treatment-of enteric diseases, and enhancement of animal growth and health. Such products include, among others, probiotics, prebiotics, synbiotics, organic acids, exogenous enzymes, polyunsaturated fatty acids, and phytobiotics (Sugiharto, 2016) . Generally speaking, the proposed mechanisms through which these products attempt to control NE include, among others, reduction of digesta viscosity, promotion of lower pH in the GIT through acidification of feed or production of shortchain fatty acids and overall stimulation of beneficial bacteria growth. As a result of increased demand for alternatives to AGPs, in 2014, the market size for poultry feed additives was estimated to be worth approximately US$6 billion in an industry expected to surpass a value of US$22 billion by 2022 (Global Market Insights, 2016) .
In recent scientific literature, less is mentioned regarding non-dietary methods to enhance digestibility of nutrients and gut health. Restrictive feeding programs aimed at manipulating feed intake may be applied by physical removal of feed or by the use of intermittent lighting (IL) programs, with the latter being easier to manage. This practice is based on the overall assumption that feed consumption during periods of darkness (scotoperiod) is negligible (Buyse et al., 1993) . Considerable work was done on the topic of IL in the 3 last decades of the 20th century. This work has been reviewed by Buyse et al. (1996) and Buyse and Decuypere (2003) . To cope with long periods without feed intake, birds develop anticipatory feed intake behavior, reduce gastric motility and use the crop more extensively to store feed. Indeed, recent work in this field reiterates those facts, showing that IL-fed birds have increased retention of feed in the crop and lower pH in the foregut compartments in comparison with continuously or nearcontinuously fed birds (Sacranie et al., 2012; Svihus et al., 2013; Rodrigues et al., 2017; Sacranie et al., 2017) . Longer retention time in the foregut and an adequate pH of around 4 to 5 have been identified as factors with great potential to increase activity of both exogenous and endogenous enzymes, to increase contact time between enzyme and substrate, thus leading to better digestibility of nutrients (Ravindran, 2013; Classen et al., 2016) . However, in programs aiming for feed intake restriction either by the use or intermittent lighting or by physical removal of feed, there is a risk that extended deprivation renders birds unable to compensate for the limited access to feed due to the physical capacity of the GIT. In such cases, final body weights of birds are negatively affected (Pinchasov et al., 1990; Boa-Amponsem et al., 1991) . Although not conclusive, such evidence hints that intermittency of feeding is more successful in improving feed efficiency without impairing body weight than long, continuous, periods of feed restriction.
Interestingly, the crop's potential for significant microbiological fermentation and digestion of feed has been known since 1975, when it was called "the avian rumen" (Bayer et al., 1975) . Together with the gizzard's rich bacterial community (Gong et al., 2007) , this anterior GIT region may very well be a valuable, yet underexploited, barrier to prevent the invasion of the GIT by pathogens. Reviews made on the impact of IL on broiler performance attest the consistency of such feeding programs in achieving better feed conversion rates (Buyse et al., 1996) . So far, no research has been conducted to assess the impact of IL on the susceptibility to and recovery from infectious diseases. We hypothesized that an intermittent lighting program would increase broiler resilience to necrotic enteritis. In order to test this hypothesis, broilers were submitted to two lighting programs and an established NE-challenge model with slight modifications (Wu et al., 2010) was used to cause a sub-clinical form of the disease.
MATERIALS AND METHODS

Experimental Design and Diets
A 2 × 2 factorial arrangement of treatments was employed in a randomized design to investigate the effect of 2 factors, namely, lighting schedule (continuous vs. intermittent) and sub-clinical necrotic enteritis challenge (challenge vs. no challenge), and their interactions.
Experimental diets were fed as follows: starter crumble to 6 d; pelleted grower from 7 to 23 d; finisher pelleted diets from 24 until 35 d of age. Basal diets had no antibiotic growth promoters or other feed additives. In terms of ingredients and chemical composition, diets of all experimental groups were from the same batch and identical. Grower and finisher diets were supplemented with 5 g/kg of TiO 2 as a solid-phase marker for analysis beyond the scope of this report. All diets were formulated to be isoenergetic (on a metabolizable energy [ME] basis), isonitrogenous, and meet or exceed nutrient specifications and digestible amino acid requirements as per commercial Australian practice (Table 1) . Water and feed were available ad libitum.
Animal Husbandry
Animals were raised from d 0 until d 35. Collection of data to test our hypothesis started at d 7. A total of 390 Cobb 500 same-hatch, mixed sex, day-old chicks (initial weight, 35.8 ± 5.0 g), vaccinated against Marek's disease, infectious bronchitis, and Newcastle disease, were collected from a local hatchery (Baiada Hatchery, Tamworth, New South Wales, Australia). During the first 6 d, birds were kept in a climate-controlled room with fresh softwood shavings as bedding material and water and feed were available ad libitum via cup drinkers and bell feeders complemented with plastic plates to stimulate feed consumption. Temperature of the room was set at 33
• C on d 0 and was gradually decreased by 1
• C every 2 d until 30
• C was reached by (Cobb-Vantress, 2012) . During this period, a mortality rate of 5% was registered, mostly due to the existence of very light birds at the time of placement.
On d 7, to avoid great weight variability within replicates, weaker birds were excluded from continuing the trial. After this selection, only 360 birds were available, and therefore it was not possible to achieve the wanted 8 replicates per treatment groups with 12 birds each. As such, 1 pen from each unchallenged treatment group was eliminated, in a total of 2 pens. A total of 12 birds were selected at random (d 7 weight, 154.8 ± 1.4 g) and allocated to each of the single floor pen-replicates (0.7 m × 0.70 m) of each of the 4 treatment groups. A total of 30 pens (14 for unchallenged birds and 16 for challenged birds) bedded with fresh softwood shavings were equally and randomly distributed between two, side by side, negative pressure climate-controlled experimental rooms. Previous trials performed by our group in such a side by side room design (Rodrigues et al., 2017) showed no room effects on performance (P > 0.05) and attested this trial design acceptable in terms of replicating experimental conditions. Also, daily monitoring of birds and environment ensured similar settings between rooms. Partitions were placed between pens to avoid contact between challenged and unchallenged animals within the same room. Each pen was equipped with a bell feeder and 2 water cup drinkers. Water and feed were provided ad libitum. Temperature of rooms was set at 30
• C on d 7 of the experiment and was gradually decreased by 1
• C every 2 d until around 19 • C was reached by d 29, according to the Cobb broiler management guide (Cobb-Vantress, 2012) .
All birds were monitored for general health at least 2 times per day. Any ill or injured birds were euthanized by cervical dislocation and remaining live birds at the end of the trial were euthanized by CO 2 and the carcasses disposed of. This experiment was approved by the Animal Ethics Committee of the University of New England (Approval No.: AEC17-002). Care of animals, sampling procedures and euthanasia of animals throughout this experiment were performed according to ethical regulations in place at the University of New England (NHMRC, 2013).
Lighting Schedule
Until d 6, birds in both rooms were provided with 23 h of light (L) and 1 h of dark (D) (23L:1D) at an intensity of 20 lux. On d 7, they were introduced to 1 of 2 lighting programs until the end of the experiment on d 35, according to the room they were in. Birds in the 2 rooms had no visual or physical contact throughout the trial to avoid influencing behavior.
The first lighting schedule (Room 1) provided 18 h of L at an intensity of 10 to 12 lux and 6 h of D (18L:6D). Lights were introduced at 06:00 and removed at midnight. This program is referred to as Continuous Lighting (CL).
The second lighting schedule (Room 2), referred to as Intermittent Lighting (IL), provided a total of 6 h of light (10 to 12 lux) and 18 h of dark (6L:18D) divided into 10 L: D periods, i.e., 1L:3D:1L:3D:1L:3D:1L:3D:2L:6D. In this room, lights were on from 06:00 to 7:00, 10:00 to 11:00, 14:00 to 15:00, 18:00 to 19:00 and 22:00 to midnight. There was no physical removal of feed during periods of darkness. Blackout masking tape and plastic sheets were placed at light entrance points (i.e., windows and door frames) to ensure complete darkness was attained during daytime.
In both rooms, light was provided by incandescent light lamps.
Necrotic Enteritis Challenge
Sub-clinical necrotic enteritis challenge was performed as per Wu et al. (2010) with slight modifications. Briefly, on d 9 of the experiment, birds in 8 pens in each room (16 pens in total) were orally inoculated with 5,000 attenuated vaccine-strain sporulated oocysts each of Eimeria maxima and E. acervulina and 2,500 sporulated oocysts of E. brunetti (Bioproperties, Glenorie NSW 2157, Australia) in 1 mL of 1% (w/v) sterile saline. The remaining birds were inoculated with 1 mL of 1% (w/v) sterile saline to serve as unchallenged control.
On d 14, birds previously challenged with Eimeria spp. were orally inoculated with 10 8 to 10 9 of Clostridium perfringens (type A strain EHE-NE18, CSIRO Livestock Industries, Geelong, Australia) suspended in 1 mL thioglycollate broth. Birds in unchallenged pens were inoculated with 1 mL of sterile thioglycollate broth.
Sample Collection
On d 17, 3 d after C. perfringens challenge, 5 birds per replicate weighing close to the pen average were euthanized by cervical dislocation. In order to avoid introduction of the disease into unchallenged pens, order of euthanasia was as follows: Unchallenged CL, unchallenged IL (during light period), challenged CL, unchallenged IL (during light period). Intestinal tissues (duodenum, jejunum, and ileum) were scored for NE lesions in 2 birds per replicate. The pH of the crop, gizzard, proximal jejunum, proximal ileum, and ceca was measured in 2 birds per replicate. Intestinal contents of 3 birds per replicate were gently squeezed out and pooled for further analysis as follows: distal jejunum and distal ileum for digestibility studies; proximal jejunum for viscosity assessment and proximal ileum and both ceca for short chain fatty acids (SCFA). Digesta samples were kept stored at -20
• C until laboratory analysis were performed.
In all cases, proximal jejunal samples were taken from the end of the duodenal loop to the midpoint of the Meckel's diverticulum and distal jejunal samples from the midpoint to the Meckel's diverticulum. Proximal ileal samples were taken from the Meckel's diverticulum to the midpoint of the ileo-cecal junction and distal ileal samples were taken from below this midpoint.
On d 35, i.e., 21 d post C. perfringens challenge, 2 birds per replicate weighing close to the pen average were euthanized by cervical dislocation. Birds from the CL room were euthanized from 10:00 and those from the IL room were euthanized from 11:00, during a period of darkness in the room. The pH of the crop, gizzard, proximal and ileum jejunum, proximal and distal ileum was measured.
Measurements
Performance Data recording was done from d 7, the actual start of the trial period. Mortality was recorded daily. Feed intake (FI), body weight gain (BWG) and feed conversion ratio (FCR) corrected for mortality were calculated for d 7, d 14, d 21, and d 35.
Lesion Scoring On d 17, the duodenum, jejunum, and ileum from 2 birds per replicate were excised posteuthanasia and incised longitudinally. Scoring of gross necrotic lesions was performed by 2 experienced personnel who were unaware of the trial design. NE lesions were scored from 0 to 4 with a higher number indicating more severe lesions following well established procedures (Prescott et al., 1978; Keerqin et al., 2017) .
pH The pH of the crop, gizzard, proximal jejunum, proximal ileum and ceca (d 17) and of the crop, gizzard, proximal and ileum jejunum, proximal and distal ileum (d 35) were measured immediately after euthanasia. A digital pH meter (Ecoscan, Eutech Instruments, Singapore) with a spear tip piercing pH electrode (Sensorex S175CD) was inserted vertically onto the organs and measurements were recorded. In between measurements, the probe was cleaned with milliQ water and dried with a clean paper tissue. Values were averaged prior to statistical analysis.
Viscosity Plastic tubes containing pooled proximal jejunum contents were centrifuged (12,000 x g) (Velocity 30R, Dynamica Scientific Ltd., UK) for 5 minutes immediately after sampling according to Bedford et al. (1991) . The supernatant was withdrawn and stored on ice until viscosity (mPa.s) was measured with a rheometer (Brookfield DV-III, Brookfield Engineering Laboratories, Inc., USA) kept at 24
• C. Viscosity of each sample was measured twice and values were averaged for statistical analysis.
SCFA Measurement of SCFA (volatile fatty acids, lactic and succinic acids) of thawed pooled contents of the proximal ileum and ceca was performed as described by Wu et al. (2010) . All measurements were performed in duplicate.
Statistical Analysis
All data were analyzed using SPSS R Statistics version 24 (IBM Corporation, US). Univariate analysis of variance (ANOVA) was used to determine significance and interactions of main effects. When interactions were observed (P < 0.05), Tukey multiple range test was used to compare treatment means. Due to their nonparametric nature, data on frequency of NE lesions and lesion scores were analyzed by the Kruskal-Wallis test which tested their distribution (P < 0.05). Main effects for these data were tested by Mann-Whitney Test (P < 0.05).
RESULTS
Performance
Performance results are presented in Table 2 and  Table 3 . Overall, from d 7 to d 35, FI was lower for birds on IL (P < 0.05) and for birds challenged with NE (P < 0.005). BWG, FCR and final BW were negatively impacted by the disease challenge (P < 0.005). Throughout the trial, mortality remained low (< 1%) and unrelated to tested factors (P > 0.05, data not shown).
On d 7, the weight of birds was similar among treatments (155 ± 1.4 g). IL and inoculation of Eimeria FI-feed intake; BWG-body weight gain; FCRc-mortality-corrected feed conversion ratio; BW-body weight.
Data were analyzed using 2-way ANOVA (SPSS Statistics, ver. 24). Means were compared using the Tukey multiple range test.
a-c
Means within a column with different superscripts differ significantly (P < 0.05) Table 3 .
Performance of broilers in the peak phase of Clostridium perfringens
Type A infection. were removed for the calculation of FCRc negatively impacted FI and BWG of birds (P < 0.005) from the first week of the trial, which is reflected on the lower BW (P < 0.005) of birds on that day. Table  3 shows performance parameters for the week following CP inoculation. From d 14 to d 16, FI was lower for birds on IL (P < 0.05) and for birds challenged with NE (P < 0.005). BWG was reduced by challenge (P < 0.005), with challenged animals achieving only 26% of the daily growth of unchallenged birds (159 g/bird vs. 41 g/bird). FCR was better for unchallenged animals (P < 0.005); however, the negative impact of the disease on efficiency was attenuated by IL, as shown by the 2-way interaction found between these factors (P < 0.05). During those 3 days, 3 replicates in the CL challenged group performed particularly poorly and, after classification as extreme outliers (reported values > 3 times the interquartile range), they were removed for the calculation of FCR. BWG of IL birds between d 14 and d 16 tended to be higher than that of CL birds (P = 0.077) and IL birds tended to be lighter than CL birds at d 17 (P = 0.052). BW at d 17 reflected the negative impact of the disease and challenged birds were lighter (P < 0.005). The negative effect of the challenge on FI was no longer present from d 17 onwards; however, challenged birds on CL tended for a higher FI than their counterparts on IL (2-way interaction, P = 0.098). BWG from d 17 to d 21 was still lower for challenged birds (P < 0.005) and a 2-way interaction between factors was present for FCRc, with NE being particularly detrimental to CL birds (P < 0.05). BW at d 21 was lower for IL (P < 0.05) and for NE-challenged animals (P < 0.005). IL caused no further effects on any of the performance parameters from d 21 onwards (P > 0.05); however, the negative effects of NE persisted until d 35, with challenged birds presenting lower FI from d 21 to 35 (P < 0.05), lower BWG from d 21 to 27 (P < 0.005), and lower BW at d 28 and at d 35 (P < 0.005).
Lesion Scoring
The frequency of lesions in birds sampled on d 17 is shown in Figure 1 (per GIT segment) and in Figure 2 (birds with at least 1 gross lesion in the GIT). Among the 60 birds sampled, 19 birds (32%) presented gross lesions in the GIT, and of these, 5 birds (26%) presented concurrent lesions in 2 segments of the GIT. None of the sampled animals presented lesions in the 3 sections of the GIT simultaneously. No lesions were scored above 1, i.e., gas-filled intestine with evidence of at least 2 necrotic lesions. Surprisingly, 1 bird in the CL unchallenged group and 3 birds in the IL unchallenged group presented NE-related lesions. Distribution of lesion frequency in the duodenum and ileum was the same across groups (P > 0.05). In the jejunum, lesion frequency was higher for birds challenged with NE than for unchallenged birds (P < 0.05). In the overall GIT, distribution of lesion frequency was higher for challenged birds than for unchallenged birds (P < 0.05). 
pH, SCFA and Viscosity
The pH, main SCFA content and viscosity of the different segments of the GIT measured at d 17 are shown in Table 4 . On d 17, pH of the crop and proximal ileum was lower for birds challenged with NE (P < 0.005). In the ceca, NE challenge tended to increase pH in CL birds and to reduce it in IL birds (2-way interaction, P = 0.084). pH of the gizzard, proximal jejunum and ceca remained unaffected by any of the factors (P > 0.05, data not shown).
In the proximal ileum, total content of SCFA and contents of lactic and acetic acids were increased by NE challenge (P < 0.05). Butyric acid was not detected in the proximal ileum (data not shown). In the ceca, lactic acid content was reduced by disease challenge (P < 0.05). On d 17, 3 d after inoculation with CP, jejunal viscosity of challenged animals was lower than that of unchallenged animals (P < 0.005). Similarly, birds on IL had higher viscosity than CL birds (P < 0.05).
Results of pH measurements performed on d 35 are presented on Table 5 . A 2-way interaction was found between lighting program and NE challenge for both pH of the crop (P < 0.005) and proximal jejunum (P < 0.05). The disease challenge had a different effect depending on whether birds were on CL or IL, i.e., crop pH was unaffected by the disease under CL and increased by the disease under IL (2-way interaction, P < 0.05). In the proximal jejunum, NE challenge had no effect on the pH of CL birds, but significantly increased it for IL birds. pH of the gizzard, proximal ileum and ceca remained unaffected by any of the factors (P > 0.05, data not shown) and pH of the distal jejunum tended to be lower for unchallenged animals (P = 0.07).
DISCUSSION
In the present study, a sub-clinical form of necrotic enteritis was successfully induced, as shown by the lack of overt clinical signs and peak mortality along with significant productivity losses reported for challenged birds. The negative impact of Eimeria alone on FI, BWG, and FCR a few days following inoculation is in agreement with reported pathophysiological effects of coccidiosis (Williams, 2005) and was expected according to previous reports using the same sub-clinical model (Wu et al., 2014) . The reduction of FI and BWG for IL birds in the 7 d following the start of the lighting program was not surprising as birds went from having 23L:1D to 6L:18D without previous acclimatization. Typically, in IL experiments, an adaptation period around the change in lighting pattern from CL to IL is observed, with a temporary weight depression of the flock followed by compensatory growth (Svihus et al., 2013) . From d 21, FI of IL birds was no different to that of CL animals (P > 0.05). In this study 18L:6D were compared to intermittent 6L:18D and therefore it is difficult to predict whether the same results would have been achieved had the 6 L been provided continuously. Early research has shown that broilers are able to compensate from long periods of feed restriction by exhibiting less physical activity, by storing more feed in the crop and by slowing down GIT clearance, thus becoming more efficient; however, restriction of feed for longer periods is usually accompanied by drastic reductions in final BW as the physical capacity of the crop as storage organ is exceeded and birds are no longer able to compensate for the low levels of energy consumption (Pinchasov et al., 1990; Boa-Amponsem et al., 1991) . In the present study BW at d 35 was similar (P > 0.05) between CL and IL birds.
A meta-analysis conducted on the effects of Clostridium spp. challenge on broiler performance reported expected daily FI and BWG losses of around 16 and 40%, respectively (Remus et al., 2014) , which was the case in the current study where FI and BWG reductions were 14% and 39%, respectively, during the week following CP challenge. In our study, FI reduction caused by NE was only observed during the first 3-d post-challenge. Feed intake reduction in the presence of Clostridium spp. is known to be a protective mechanism of broilers, regulated by the release of cytokines (Remus et al., 2014) . Particularly for CL challenged birds, the incompleteness of this protective FI response may have led them to consume beyond their ability to properly digest and absorb nutrients, as shown by the very poor FCR during the peak phase of infection. On the other hand, the limitation of feed availability for intermittently-fed birds may have attenuated excessive feed intake. Also shown by the lighting program by challenge interaction between d 14 and d 20, the use of IL lessened the negative effects of the disease on feed efficiency. The effects of the disease challenge persisted beyond the peak phase of infection and led to an overall reduction of 9% and 15% in FI and WG, respectively.
The lower pH found in the distal GIT of challenged animals, accompanied by a higher content of SCFA in comparison to the unchallenged birds is indicative of fermentative processes. The fact that unchallenged ILfed birds were euthanized during a light period and the challenged animals during a period of darkness may have influenced pH values, in particular for the crop and gizzard. pH values of IL-fed birds euthanized during the light period may have been buffered by the consumption of feed which would explain the elevation of pH in the foregut to levels similar to CL-fed birds. At d 35, this was not the case as all birds within the IL room were euthanized during a period of darkness. Lactic acid in the chicken gut is produced primarily by Lactobacilli (Lu et al., 2003) and its main precursor is starch (Macfarlane and Englyst, 1986; Etterlin, 1992) . In our study, increased FCR was positively correlated (P < 0.005, data not shown) with both total SCFA and lactic acid content in the proximal ileum which further attests that nutrients went through the GIT undigested, especially in challenged animals, and were used by the gut bacteria as a source of energy.
In our study, jejunal viscosity was measured during the peak phase of infection and therefore lower values found for challenged animals are unsurprising. Increased water excretion rate-in some cases followed by wet litter-is a common result of indigestion, dysbacteriosis, and intestinal inflammation, and the higher incidence of lesions found in the jejunum of challenged animals in our study is additional proof of their compromised intestinal absorptive function.
CONCLUSION
To our knowledge, this was the first time an intermittent lighting program was tested as a strategy to minimize the impact of a sub-clinical NE challenge. Overall, this study shows that although IL tends to reduce FI, it does not affect final body weight of birds. As for disease resilience, our data show that 6 h of light, provided intermittently (i.e., 1L:3D:1L:3D:1L:3D:1L:3D:2L:6D) instead of the commercially-used 18L:6D may have potential to minimize the negative impacts of the disease, especially during the peak phase of infection. It could be interesting to explore whether similar results would be obtained with more severe, i.e., clinical, forms of necrotic enteritis. It is also unknown whether providing 6 h of light, continuously instead of intermittently, followed by 18 h of darkness would provide comparable results.
There is some potential for the application of intermittent lighting programs aiming to increase resilience of broilers to this disease, at least during the critical period for necrotic enteritis risks, i.e., d 18-24, in flocks raised under antibiotic-free production systems.
